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Description

Technical Field

[0001] The present disclosure relates to an imaging
unit that includes a photoelectric conversion layer includ-
ing a compound semiconductor.

Background Art

[0002] Recently, an image sensor (imaging unit) with
sensitivity in an infrared region has been commercialized.
This imaging unit uses a photoelectric conversion layer
that includes a group III-V semiconductor such as InGaAs
(indium gallium arsenide), for example. In this photoe-
lectric conversion layer, charges are generated by ab-
sorbing infrared rays (photoelectric conversion is per-
formed) as described in, for example, PTL 1.

Citation List

Patent Literature

[0003] PTL 1: Japanese Translation of PCT Interna-
tional Application Publication No. 2014-521216

Summary of the Invention

[0004] Such an imaging unit is desired to reduce noise.
[0005] Therefore, it is desirable to provide an imaging
unit that enables reduction of noise.
[0006] An imaging unit (1) according to an embodiment
of the present disclosure includes a photoelectric con-
version layer and a light shielding portion. The photoe-
lectric conversion layer includes a compound semicon-
ductor and has a light incident surface. The light shielding
portion is provided in an optical path of light incident on
the light incident surface. The light shielding portion
shields light having a wavelength of less than 450 nm.
[0007] An imaging unit (2) according to an embodiment
of the present disclosure includes a photoelectric con-
version layer and a light shielding portion. The photoe-
lectric conversion layer includes a compound semicon-
ductor and has a light incident surface. The light shielding
portion is provided in an optical path of light incident on
the light incident surface. The light shielding portion in-
cludes a compound lattice-matched with the photoelec-
tric conversion layer.
[0008] In the imaging units (1) and (2) according to the
embodiments of the present disclosure, since the light
shielding portion is provided in the optical path of the light
incident on the photoelectric conversion layer, unneces-
sary light including light having, for example, a wave-
length in the ultraviolet region and the like is less likely
to reach the photoelectric conversion layer.
[0009] According to the imaging units (1) and (2) of the
embodiments of the present disclosure, the light shield-
ing portion is provided in the optical path of light incident

on the photoelectric conversion layer, thereby suppress-
ing the occurrence of defects in the photoelectric conver-
sion layer due to the light with high energy, including light
having a wavelength in the ultraviolet region and the like,
for example. This enables reduction of the noise.
[0010] It is to be noted that the above-described con-
tents are examples of the present disclosure. Effects of
the present disclosure are not limited to those described
above, may be other different effects, or may further in-
clude other effects.

Brief Description of the Drawings

[0011]

[FIG. 1] FIG. 1 is a schematic cross-sectional view
illustrating a configuration of a main part of an imag-
ing unit according to an embodiment of the present
disclosure.
[FIG. 2] FIG. 2 is a schematic cross-sectional view
illustrating another example of a configuration of a
light shielding portion illustrated in FIG. 1.
[FIG. 3] FIG. 3 is a schematic cross-sectional view
for explaining a path of light entering the imaging unit
illustrated in FIG. 1.
[FIG. 4] FIG. 4 is a schematic cross-sectional view
illustrating a configuration of a main part of an imag-
ing unit according to a modification example.
[FIG. 5] FIG. 5 is a block diagram illustrating an ex-
ample of an entire configuration of the imaging unit
illustrated in FIG. 1 and the like.
[FIG. 6] FIG. 6 is a schematic diagram illustrating an
example of a configuration of a laminated imaging
unit.
[FIG. 7] FIG. 7 is a functional block diagram illustrat-
ing an example of an electronic device (camera) us-
ing the imaging unit illustrated in FIG. 5.
[FIG. 8] FIG. 8 is a block diagram depicting an ex-
ample of a schematic configuration of an in-vivo in-
formation acquisition system.
[FIG. 9] FIG. 9 is a view depicting an example of a
schematic configuration of an endoscopic surgery
system.
[FIG. 10] FIG. 10 is a block diagram depicting an
example of a functional configuration of a camera
head and a camera control unit (CCU).
[FIG. 11] FIG. 11 is a block diagram depicting an
example of a schematic configuration of a vehicle
control system.
[FIG. 12] FIG. 12 is a diagram of assistance in ex-
plaining an example of installation positions of an
outside-vehicle information detecting section and an
imaging section.

Modes for Carrying Out the Invention

[0012] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the draw-
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ings. It is to be noted that the description is given in the
following order.

1. Embodiment (an example in which an imaging unit
includes a light shielding portion)
2. Modification Example (an example in which a lens-
shaped light shielding portion is provided)
3. Application Examples
4. Adaptation Examples

<Embodiment>

[Configuration]

[0013] FIG. 1 illustrates a schematic cross-sectional
configuration of a main part of an imaging unit (imaging
unit 1) according to an embodiment of the present dis-
closure. The imaging unit 1 is applied to, for example, an
infrared sensor or the like using a compound semicon-
ductor material, including a group III-V semiconductor
and the like, for example. The imaging unit 1 has a pho-
toelectric conversion function for light having, for exam-
ple, a wavelength ranging from a visible region (e.g., of
380 nm or more and less than 780 nm) to a short infrared
region (e.g., 780 nm or more and less than 2400 nm).
The imaging unit 1 is provided with, for example, a plu-
rality of light receiving unit regions P (pixels P) arranged
two-dimensionally. FIG. 1 illustrates the cross-sectional
configuration of a part corresponding to two pixels P.
[0014] The imaging unit 1 has a laminated structure
including a device substrate 10 and a circuit board 20. A
joint surface Sj is provided between the device substrate
10 and the circuit board 20. Light is incident on one sur-
face of the device substrate 10 (a surface opposite to the
joint surface Sj), whereby a signal charge is generated
in a semiconductor layer of the device substrate 10 (a
semiconductor layer 10S to be described later). The sig-
nal charge is read out by the circuit board 20 for each
pixel P. The imaging unit 1 has a light shielding portion
15 on the one surface of the device substrate 10.
[0015] The device substrate 10 includes the semicon-
ductor layer 10S. The semiconductor layer 10S includes,
for example, a first contact layer 12, a photoelectric con-
version layer 13, and a second contact layer 14 from the
joint surface Sj side. The device substrate 10 includes
an electrode 11 and a contact electrode 17E between
the semiconductor layer 10S and the joint surface Sj. The
semiconductor layer 10S and the circuit board 20 are
electrically coupled to each other via the electrode 11
and the contact electrodes 17E. The electrode 11 is pro-
vided in a passivation film 16, while the contact electrode
17E is provided in an interlayer insulating film 17. The
circuit board 20 includes a contact electrode 22E in con-
tact with the contact electrode 17E (the device substrate
10), and a support substrate 21 opposed to the device
substrate 10 with the contact electrode 22E in between.
The contact electrode 22E is provided in an interlayer
insulating film 22. The configuration of each component

will be described below.
[0016] The interlayer insulating film 17 is provided, for
example, in contact with the circuit board 20 to configure
the joint surface Sj together with the interlayer insulating
film 22. The contact electrode 17E is provided for each
pixel P in the interlayer insulating film 17. The interlayer
insulating film 17 includes, for example, an inorganic in-
sulating material. Examples of this inorganic insulating
material may include silicon nitride (SiN), aluminum oxide
(Al2O3), silicon dioxide (SiO2), hafnium dioxide (HfO2),
and the like.
[0017] The passivation film 16 is provided, for example,
between the interlayer insulating film 17 and the first con-
tact layer 12 (the semiconductor layer 10S). The elec-
trode 11 that is electrically coupled to the contact elec-
trode 17E is provided in the passivation film 16. The in-
terlayer insulating film 17 includes, for example, an inor-
ganic insulating material. Examples of this inorganic in-
sulating material may include silicon nitride (SiN), alumi-
num oxide (Al2O3), silicon dioxide (SiO2), hafnium diox-
ide (HfO2), and the like. The passivation film 16 may in-
clude the same inorganic insulating material as the
interlayer insulating film 17.
[0018] The electrode 11 is an electrode supplied with
a voltage for reading out the signal charge generated in
the photoelectric conversion layer 13 (a hole or an elec-
tron, which is hereinafter described for convenience as-
suming that the signal charge is a hole). The electrode
11 is provided separately for each pixel P. One end of
the electrode 11 is in contact with the semiconductor layer
10S (more specifically, the first contact layer 12), while
the other end of the electrode 11 is in contact with the
contact electrode 17E. Adjacent electrodes 11 are elec-
trically isolated by the passivation film 16.
[0019] The electrode 11 includes, for example, any one
of titanium (Ti), tungsten (W), titanium nitride (TiN), plat-
inum (Pt), gold (Au), germanium (Ge), palladium (Pd),
zinc (Zn), nickel (Ni), and aluminum (Al), or an alloy con-
taining at least one of them. The electrode 11 may be a
single film of such a constituent material, or may be a
laminated film including a combination of two or more
kinds of these materials. For example, the electrode 11
includes a laminated film of titanium and tungsten.
[0020] The contact electrode 17E is directed to elec-
trical coupling of the electrode 11 and the circuit board
20. One end of the contact electrode 17E is in contact
with the electrode 11, while the other end of the contact
electrode 17E is exposed at the joint surface Sj and is in
contact with the contact electrode 22E. Adjacent contact
electrodes 17E are electrically isolated by the interlayer
insulating film 17. The contact electrode 17E includes,
for example, a copper (Cu) pad.
[0021] The first contact layer 12, which is provided be-
tween the passivation film 16 and the photoelectric con-
version layer 13, is provided, for example, in common to
all the pixels P. The first contact layer 12 is opposed to
the light shielding portion 15 with the photoelectric con-
version layer 13 in between. The first contact layer 12 is
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directed to electrical isolation of adjacent pixels P. The
first contact layer 12 is provided with, for example, a plu-
rality of diffusion regions 12A. A compound semiconduc-
tor material having a bandgap larger than the bandgap
of the compound semiconductor material included in the
photoelectric conversion layer 13 is used in the first con-
tact layer 12, thereby also enabling suppression of a dark
current. It is possible to use , for example, an n-type InP
(indium phosphorus) for the first contact layer 12. A thick-
ness of the first contact layer 12 is between, for example,
100 nm and 500 nm.
[0022] The diffusion regions 12A provided in the first
contact layer 12 are disposed apart from each other. The
diffusion region 12A is disposed for each pixel P, and the
electrode 11 is coupled to a corresponding one of the
diffusion regions 12A. The diffusion region 12A is direct-
ed to reading out of the signal charge generated in the
photoelectric conversion layer 13 for each pixel P. The
diffusion region 12A includes, for example, a p-type im-
purity. Examples of the p-type impurity may include Zn
(zinc) and the like. In this way, a pn junction interface is
formed between the diffusion region 12A and a portion
of the first contact layer 12 other than the diffusion region
12A, causing the adjacent pixels P to be electrically iso-
lated from each other. The diffusion region 12A is pro-
vided, for example, in a thickness direction of the first
contact layer 12 and also provided in a portion of the
photoelectric conversion layer 13 in a thickness direction
thereof.
[0023] The photoelectric conversion layer 13 provided
between the first contact layer 12 and the second contact
layer 14 has a first surface S1 (light incident surface) and
a second surface S2 which face each other. The second
contact layer 14 is provided on the first surface S1 of the
photoelectric conversion layer 13, while the first contact
layer 12 is provided on the second surface S2 of the
photoelectric conversion layer 13. The photoelectric con-
version layer 13 is provided, for example, in common to
all the pixels P. The photoelectric conversion layer 13
absorbs light with a predetermined wavelength to gen-
erate a signal charge. The photoelectric conversion layer
13 include, for example, a compound semiconductor ma-
terial such as an i-type group III-V semiconductor. Ex-
amples of the compound semiconductor material includ-
ed in the photoelectric conversion layer 13 may include
InGaAs (indium gallium arsenide), InAsSb (indium arse-
nide antimonide), InAs (indium arsenide), InSb (indium
antimonide), PbS (lead sulfide), PbSe (lead selenide),
GeAu (germanium gold), HgCdTe (mercury cadmium tel-
luride), and the like. The photoelectric conversion layer
13 may include germanium (Ge). The photoelectric con-
version layer 13 performs photoelectric conversion of
light having, for example, a wavelength ranging from the
visible region to the short infrared region. A thickness of
the photoelectric conversion layer 13 is between, for ex-
ample, 3000 nm and 10000 nm.
[0024] The second contact layer 14 is provided, for ex-
ample, in common to all the pixels P. The second contact

layer 14 is opposed to the first contact layer 12 with the
photoelectric conversion layer 13 in between. The sec-
ond contact layer 14 is a region where charges not used
as signal charges, out of the charges generated in the
photoelectric conversion layer 13, are moved. The sec-
ond contact layer 14 includes, for example, a compound
semiconductor containing an n-type impurity. For exam-
ple, in a case where a hole is read out of the electrode
11 as the signal charge, an electron moves to the second
contact layer 14. An electrode for discharging the charge
may be coupled to the second contact layer 14. It is pos-
sible to use, for example, an n-type InP (indium phos-
phide) for the second contact layer 14. A thickness of the
second contact layer 14 is, for example, between 10 nm
and 400 nm, and preferably 100 nm or less. By reducing
the thickness of the second contact layer 14, the amount
of light absorbed in the second contact layer 14 is de-
creased, making it possible to improve the sensitivity of
the photoelectric conversion layer 13. For example, in
this imaging unit 1, the device substrate 10 and the circuit
board 20 are coupled by CuCu bonding (to be described
later). Thus, it is possible to reduce the thickness of the
second contact layer 14 compared with a case where
another joint method such as bump bonding is used, for
example. This is because the CuCu bonding reduces the
mechanical strength required for the second contact lay-
er 14, compared with other joint methods.
[0025] The imaging unit 1 of the present embodiment
includes the light shielding portion 15 in the optical path
of the light incident on the first surface S1 of the photo-
electric conversion layer 13. Specifically, the light shield-
ing portion 15 is opposed to the photoelectric conversion
layer 13 with the second contact layer 14 in between.
The light shielding portion 15 shields light having a wave-
length of, for example, less than 450 nm. As will be de-
scribed in detail later, by providing this light shielding por-
tion 15 in the optical path of the light incident on the pho-
toelectric conversion layer 13, unnecessary light includ-
ing light having, for example, a wavelength in the ultra-
violet region and the like is less likely to reach the pho-
toelectric conversion layer 13 even when the thickness
of the second contact layer 14 is reduced.
[0026] The light shielding portion 15 is, for example, in
contact with the second contact layer 14 and is provided
in the form of film on an entire surface of the second
contact layer 14. For example, this light shielding portion
15 transmits light having a wavelength ranging from the
visible region to the short infrared region (light photoe-
lectrically converted in the photoelectric conversion layer
13) and shields light having a wavelength of 450 nm or
less. The light shielding portion 15 may reflect or absorb
light having a wavelength of, for example, less than 450
nm.
[0027] The light shielding portion 15 includes, for
example, a compound lattice-matched with the second
contact layer 14 and the photoelectric conversion layer
13. Examples of the constituent material of such a light
shielding portion 15 may include InxGayAszP(1-x-y-z),
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InxGayAlzAs(1-x-y-z), InxGayAszSb(1-x-y-z), InP,
InxAlyAszSb(1-x-y-z), InxAlyGazN(1-x-y-z), or ZnxCdySez (0
≤ x ≤ 1, 0 ≤ y ≤ 1, 0 ≤ z ≤ 1) and the like. It is possible to
form this light shielding portion 15 by epitaxially growing
the above-described compound on the second contact
layer 14, for example.
[0028] The light shielding portion 15 may include a ma-
terial other than the above-described compound. The
light shielding portion 15 may include an inorganic ma-
terial such as silicon oxide (SiO2), silicon nitride (SiN), a
high dielectric constant insulating film (High-k film), or
the like. The light shielding portion 15 may include an
organic material, such as an acrylic material. Alternative-
ly, the light shielding portion 15 may include a metal ma-
terial, such as ITO (Indium Tin Oxide), or IZO (Indium
Zinc Oxide). When depositing the light shielding portion
15, it is preferable to suppress the incidence of light hav-
ing a wavelength in the ultraviolet region onto the photo-
electric conversion layer 13.
[0029] A thickness of the light shielding portion 15 is
preferably set to a sufficient dimension in consideration
of the wavelength (λ) of the shielded light, an extinction
coefficient (k) of the constituent material of the light
shielding portion 15, and the like. A penetration depth (z)
is determined by using, for example, the Lambert-Beer
law (the following formulas (1) and (2)). It is preferable
that the light shielding portion 15 have a larger value of
the penetration depth than this penetration depth z.
[Formula 1] 

[Formula 2] 

In the formulas (1) and (2), I is an intensity of light at the
penetration depth z, I0 is an intensity of light incident on
the light shielding portion 15, z is the penetration depth
of the light incident on the light shielding portion 15, α is
a coefficient of absorption of the light shielding portion
15, λ is a wavelength of light incident on the light shielding
portion 15, and k is an extinction coefficient of the light
shielding portion 15.
[0030] For example, when the light shielding portion
15 includes an InP film, an extinction coefficient (k) of
InP is substituted into the formula (2), and the wavelength
(λ) of light incident on the light shielding portion 15 is 400
nm or less. From a value of the penetration depth (z) at
this time, it is found that when the light shielding portion
15 includes an InP film, the light shielding portion 15 with
a thickness of about 20 nm effectively shields the light
with high energy.
[0031] As illustrated in FIG. 2, the light shielding portion

15 may be provided apart from the second contact layer
14. For example, an optical component provided in an
optical path of light incident on the first surface S1 of the
photoelectric conversion layer 13 may configure the light
shielding portion 15. Examples of this optical component
may include a lens, a prism, a mirror, a window, or the
like. The optical component configuring this light shield-
ing portion 15 include, for example, optical glass, mag-
nesium fluoride (MgF2), zinc selenide (ZnSe), zinc sulfide
(ZnS), quartz, or the like. The light shielding portion 15
may have a lens shape or the like, and an opening or the
like may be provided in the light shielding portion 15.
[0032] The support substrate 21 of the circuit board 20
is directed to supporting of the interlayer insulating film
22. The support substrate 21 includes, for example, sil-
icon (Si). The interlayer insulating film 22 provided be-
tween the support substrate 21 and the device substrate
10 (joint surface Sj) includes, for example, an inorganic
insulating material. Examples of this inorganic insulating
material may include silicon nitride (SiN), aluminum oxide
(Al2O3), silicon dioxide (SiO2), hafnium dioxide (HfO2),
and the like. The contact electrode 22E is provided for
each pixel P in the interlayer insulating film 22. A pixel
circuit (not illustrated) electrically coupled to the contact
electrode 22E may be provided in the interlayer insulating
film 22. This pixel circuit configures an ROIC (read out
integrated circuit).
[0033] The contact electrode 22E is directed to elec-
trical coupling of the electrode 11 and the pixel circuit.
One end of the contact electrode 22E is exposed at the
joint surface Sj and is in contact with the contact electrode
17E. Adjacent contact electrodes 22E are electrically iso-
lated by the interlayer insulating film 22. The contact elec-
trode 22E is, for example, a copper (Cu) pad. That is, in
the imaging unit 1, for example, the CuCu bonding is
performed between the contact electrode 17E and the
contact electrode 22E.

[Operation of Imaging Unit 1]

[0034] In the imaging unit 1, light (for example, light
with wavelengths in the visible region and the infrared
region) incident on the photoelectric conversion layer 13
through the light shielding portion 15 and the second con-
tact layer 14 is absorbed in the photoelectric conversion
layer 13. Consequently, a pair of a hole and an electron
is generated (the photoelectric conversion is performed)
in the photoelectric conversion layer 13. At this time, for
example, when a predetermined voltage is applied to the
electrode 11, a potential gradient occurs in the photoe-
lectric conversion layer 13. Thus, one of the generated
charges (for example, a hole) is moved to the diffusion
region 12A as the signal charge and then collected from
the diffusion region 12A into the electrode 11. The signal
charge is moved to the pixel circuit through the contact
electrodes 17E and 22E and then read out for each pixel
P.
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[Operation and Effect of Imaging Unit 1]

[0035] FIG. 3 schematically illustrates the path of light
incident on the imaging unit 1 (light L1, L2, and L3). The
imaging unit 1 of the present embodiment includes the
light shielding portion 15 in the optical path of the light
incident on the first surface S1 of the photoelectric con-
version layer 13. The light shielding portion 15 shields
light including the light (the light L3) having, for example,
a wavelength in the ultraviolet region. Meanwhile, the
light (the light L1) having a wavelength in the infrared
region and the light (the light L2) having a wavelength in
the visible region pass through the light shielding portion
15 and enter the photoelectric conversion layer 13 from
the first surface S1. In the imaging unit 1, it is possible
to improve the sensitivity of the photoelectric conversion
layer 13 by reducing the thickness of the second contact
layer 14, and to reduce noise by the light shielding portion
15. This will be described below.
[0036] For example, in the imaging unit 1 provided by
coupling the device substrate 10 and the circuit board 20
through the CuCu bonding, it is possible to reduce the
thickness of the second contact layer 14 to 100 nm or
less. By reducing the thickness of the second contact
layer 14, the amount of light L1 and L2 absorbed in the
second contact layer 14 is decreased, and thus a much
more amount of the light L1 and L2 are photoelectric-
converted in the photoelectric conversion layer 13. In oth-
er words, the imaging unit 1 makes it possible to improve
the sensitivity of the photoelectric conversion layer 13.
[0037] However, unnecessary light such as the light
L3 is also more likely to penetrate the photoelectric con-
version layer 13 due to such improvement in the sensi-
tivity of the photoelectric conversion layer 13. As is ap-
parent from the following formula (3) representing the
energy (E) of light, the shorter the wavelength (λ) of light
the larger the energy (E) of light becomes. Therefore, the
light L3 has larger energy than each of the light L1 and
L2. When this light L3 with the high energy reaches the
photoelectric conversion layer 13, crystal defects may be
generated in the photoelectric conversion layer 13 and
become a noise source.
[Formula 3] 

In the formula (3), h is a Planck constant, which is 6.62607
3 10-34 [Js], v is a frequency, c is a light speed in a vac-
uum, which is 2.99798 3 108 [m/s], and λ is a wavelength
[m] of an electromagnetic wave in a vacuum.
[0038] In particular, crystal defects are more likely to
be generated in the photoelectric conversion layer 13
including a compound semiconductor, compared with a
photoelectric conversion layer formed of silicon (Si). In a
silicon semiconductor, crystal defects are generated by
penetration of atoms between lattices, whereas in a com-

pound semiconductor containing binary or higher ele-
ments, crystal defects are generated by substitution (in-
verse substitution) of an element. This is because a for-
mation energy of crystal defects in this compound sem-
iconductor is smaller than a formation energy of crystal
defects in the silicon semiconductor.
[0039] In order to cope with this problem of the noise
source due to the light with high energy including the light
L3 and the like, the imaging unit 1 is provided with the
light shielding portion 15, and thereby unnecessary light
such as the light L3 is less likely to reach (penetrate) the
photoelectric conversion layer 13. Therefore, the imaging
unit 1 suppresses occurrence of crystal defects due to
the light with the high energy such as the light L3 even
when the thickness of the second contact layer 14 is re-
duced. This enables reduction of noise.
[0040] As described above, in the imaging unit 1 of the
present embodiment, the light shielding portion 15 is pro-
vided in the optical path of the light (the light L1 and L2)
incident on the photoelectric conversion layer 13. There-
fore, the imaging unit 1 suppresses occurrence of defects
in the photoelectric conversion layer 13 due to the light
with the high energy including the light having, for exam-
ple, a wavelength in the ultraviolet region (the light L3)
or the like. This enables reduction of the noise.
[0041] Further, by coupling the device substrate 10 and
the circuit board 20 through the CuCu bonding, for ex-
ample, it is possible to reduce the thickness of the second
contact layer 14 provided at the first surface S1 of the
photoelectric conversion layer 13. This makes it easier
for the light L1 and L2 to reach the photoelectric conver-
sion layer 13, thereby enabling improvement in the sen-
sitivity of the imaging unit 1.
[0042] Further, by epitaxially growing the material of
the light shielding portion 15 including the compound, on
the second contact layer 14, for example, it is possible
to form the light shielding portion 15. The formation of
such a light shielding portion 15 is implementable with a
simple method.
[0043] Although modification examples of the above-
described embodiment will be described below, in the
following description, the same constituent parts as those
in the above-described embodiment are denoted by the
same reference characters, and a description thereof will
be omitted as appropriate.

<Modification Examples>

[0044] FIG. 4 schematically illustrates a cross-section-
al configuration of a main part of an imaging unit (imaging
unit 1A) according to a modification example of the
above-described embodiment. The imaging unit 1A has
a light shielding portion (a light shielding portion 15A)
provided as an on-chip lens. Except for this point, the
imaging unit 1A has the same configuration and effects
as those of the imaging unit 1.
[0045] The light shielding portion 15A is provided for
each pixel P and has a lens shape. These light shielding
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portions 15A are provided at the first surface S1 of the
photoelectric conversion layer 13 with the second contact
layer 14 in between. The light shielding portions 15A may
be provided in contact with the second contact layer 14.
The light shielding portions 15A is provided in the optical
path of light incident on the photoelectric conversion layer
13 and shields light having, for example, a wavelength
of less than 450 nm.
[0046] The light shielding portion 15A has a light shield-
ing function for light having, for example, a wavelength
in the ultraviolet region or the like, and serves as the on-
chip lens. That is, the light shielding portion 15A is con-
figured to collect the light incident on the imaging unit 1A
(the light with wavelengths in the infrared region and the
visible region) into the photoelectric conversion layer 13.
The light shielding portion 15A includes, for example, an
organic material, an inorganic material such as silicon
oxide (SiO2), or the like.
[0047] As in the present modification example, the light
shielding portion 15A may have the light shielding func-
tion as well as the function serving as the on-chip lens.
Also in this case, effects similar to those in the above-
described embodiment are available.
[0048] FIG. 5 illustrates an example of an entire con-
figuration of each of the imaging units 1 and 1A described
in the above embodiments and the like. Each of the im-
aging units 1 and 1A includes, for example, a device re-
gion R1 provided with a plurality of pixels P and a circuit
section 130 that drives this device region R1. The circuit
section 130 includes, for example, a row scanning sec-
tion 131, a horizontal selection section 133, a column
scanning section 134, and a system controller 132.
[0049] The device region R1 has a plurality of pixels P
(the imaging unit 1) arranged, for example, two-dimen-
sionally in rows and columns. In the pixel P, for example,
pixel drive lines Lread (for example, a row selection line
and a reset control line) are wired for each pixel row,
while vertical signal lines Lsig are wired for each pixel
column. The pixel drive line Lread transmits a drive signal
for reading out a signal from the pixel P. One end of the
pixel drive line Lread is coupled to an output terminal
corresponding to each row of the row scanning section
131.
[0050] The row scanning section 131 includes a shift
register, an address decoder, and the like. The row scan-
ning section 131 is a pixel driving section that drives each
pixel P in the device region R1, for example, for each row
unit. A signal output from each pixel P on the pixel row
selectively scanned by the row scanning section 131 is
supplied to the horizontal selection section 133 through
each of the vertical signal lines Lsig. The horizontal se-
lection section 133 includes an amplifier, a horizontal se-
lection switch, and the like provided for each vertical sig-
nal line Lsig.
[0051] The column scanning section 134 includes a
shift register, an address decoder, and the like. The col-
umn scanning section 134 sequentially scans and drives
the respective horizontal selection switches in the hori-

zontal selection section 133. By selectively scanning this
column scanning section 134, the signal of each pixel
transmitted through each of the vertical signal lines Lsig
is sequentially output to a horizontal signal line 135 and
then input to a non-illustrated signal processor or the like
through the horizontal signal line 135.
[0052] As illustrated in FIG. 6, for example, the device
substrate 10 having the device region R1 and the circuit
board 20 having the circuit section 130 are laminated in
each of the imaging units 1 and 1A. It is to be noted that
the imaging units 1 and 1A are not limited to such a con-
figuration and the circuit section 130 may be formed on
the same substrate as the device region R1 or disposed
in an external control IC. The circuit section 130 may be
formed on another substrate coupled thereto by a cable
or the like.
[0053] The system controller 132 receives a clock sup-
plied from the outside, data about an instruction of an
operation mode, and the like, and outputs data including
internal information regarding the imaging unit 1 or 1A
and the like. The system controller 132 further includes
a timing generator that generates various timing signals,
and performs driving control of the row scanning section
131, the horizontal selection section 133, the column
scanning section 134, and the like based on various tim-
ing signals generated by the timing generator.

<Application Examples>

[0054] The imaging units 1 and 1A described above
may be applied to various types of electronic devices,
such as a camera capable of imaging in the infrared re-
gion, for example.
[0055] FIG. 7 illustrates a schematic configuration of
an electronic device 5 (a camera) as an example. The
electronic device 5 is, for example, a camera capable of
taking a still image or a video. The electronic device 5
includes the imaging unit 1 or 1A, an optical system (an
optical lens) 310, a shutter device 311, a driving section
313 that drives the imaging unit 1 or 1A and the shutter
device 311, and a signal processor 312.
[0056] The optical system 310 guides an image light
(an incident light) from a subject to the imaging unit 1 or
1A. The optical system 310 may include a plurality of
optical lenses. The shutter device 311 controls a light
irradiation period and a light shielding period to the im-
aging unit 1 or 1A. The driving section 313 controls a
transfer operation of the imaging unit 1 or 1A and a shutter
operation of the shutter device 311. The signal processor
312 performs various types of signal processing on a
signal output from the imaging unit 1 or 1A. A video signal
Dout obtained after the signal processing is stored in a
storage medium such as a memory or outputted to a mon-
itor or the like.
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<Adaptation Examples to In-Vivo Information Acquisition 
System>

[0057] Further, the technology according to the
present disclosure (the present technology) may be
adapted to a variety of products. For example, the tech-
nology according to the present disclosure may be ap-
plied to an endoscopic surgery system.
[0058] FIG. 8 is a block diagram depicting an example
of a schematic configuration of an in-vivo information ac-
quisition system of a patient using a capsule type endo-
scope, to which the technology according to an embod-
iment of the present disclosure (present technology) can
be applied.
[0059] The in-vivo information acquisition system
10001 includes a capsule type endoscope 10100 and an
external controlling apparatus 10200.
[0060] The capsule type endoscope 10100 is swal-
lowed by a patient at the time of inspection. The capsule
type endoscope 10100 has an image pickup function and
a wireless communication function and successively
picks up an image of the inside of an organ such as the
stomach or an intestine (hereinafter referred to as in-vivo
image) at predetermined intervals while it moves inside
of the organ by peristaltic motion for a period of time until
it is naturally discharged from the patient. Then, the cap-
sule type endoscope 10100 successively transmits infor-
mation of the in-vivo image to the external controlling
apparatus 10200 outside the body by wireless transmis-
sion.
[0061] The external controlling apparatus 10200 inte-
grally controls operation of the in-vivo information acqui-
sition system 10001. Further, the external controlling ap-
paratus 10200 receives information of an in-vivo image
transmitted thereto from the capsule type endoscope
10100 and generates image data for displaying the in-
vivo image on a display apparatus (not depicted) on the
basis of the received information of the in-vivo image.
[0062] In the in-vivo information acquisition system
10001, an in-vivo image imaged a state of the inside of
the body of a patient can be acquired at any time in this
manner for a period of time until the capsule type endo-
scope 10100 is discharged after it is swallowed.
[0063] A configuration and functions of the capsule
type endoscope 10100 and the external controlling ap-
paratus 10200 are described in more detail below.
[0064] The capsule type endoscope 10100 includes a
housing 10101 of the capsule type, in which a light source
unit 10111, an image pickup unit 10112, an image
processing unit 10113, a wireless communication unit
10114, a power feeding unit 10115, a power supply unit
10116 and a control unit 10117 are accommodated.
[0065] The light source unit 10111 includes a light
source such as, for example, a light emitting diode (LED)
and irradiates light on an image pickup field-of-view of
the image pickup unit 10112.
[0066] The image pickup unit 10112 includes an image
pickup element and an optical system including a plurality

of lenses provided at a preceding stage to the image
pickup element. Reflected light (hereinafter referred to
as observation light) of light irradiated on a body tissue
which is an observation target is condensed by the optical
system and introduced into the image pickup element.
In the image pickup unit 10112, the incident observation
light is photoelectrically converted by the image pickup
element, by which an image signal corresponding to the
observation light is generated. The image signal gener-
ated by the image pickup unit 10112 is provided to the
image processing unit 10113.
[0067] The image processing unit 10113 includes a
processor such as a central processing unit (CPU) or a
graphics processing unit (GPU) and performs various
signal processes for an image signal generated by the
image pickup unit 10112. The image processing unit
10113 provides the image signal for which the signal
processes have been performed thereby as RAW data
to the wireless communication unit 10114.
[0068] The wireless communication unit 10114 per-
forms a predetermined process such as a modulation
process for the image signal for which the signal proc-
esses have been performed by the image processing
unit 10113 and transmits the resulting image signal to
the external controlling apparatus 10200 through an an-
tenna 10114A. Further, the wireless communication unit
10114 receives a control signal relating to driving control
of the capsule type endoscope 10100 from the external
controlling apparatus 10200 through the antenna
10114A. The wireless communication unit 10114 pro-
vides the control signal received from the external con-
trolling apparatus 10200 to the control unit 10117.
[0069] The power feeding unit 10115 includes an an-
tenna coil for power reception, a power regeneration cir-
cuit for regenerating electric power from current gener-
ated in the antenna coil, a voltage booster circuit and so
forth. The power feeding unit 10115 generates electric
power using the principle of non-contact charging.
[0070] The power supply unit 10116 includes a sec-
ondary battery and stores electric power generated by
the power feeding unit 10115. In FIG. 8, in order to avoid
complicated illustration, an arrow mark indicative of a
supply destination of electric power from the power sup-
ply unit 10116 and so forth are omitted. However, electric
power stored in the power supply unit 10116 is supplied
to and can be used to drive the light source unit 10111,
the image pickup unit 10112, the image processing unit
10113, the wireless communication unit 10114 and the
control unit 10117.
[0071] The control unit 10117 includes a processor
such as a CPU and suitably controls driving of the light
source unit 10111, the image pickup unit 10112, the im-
age processing unit 10113, the wireless communication
unit 10114 and the power feeding unit 10115 in accord-
ance with a control signal transmitted thereto from the
external controlling apparatus 10200.
[0072] The external controlling apparatus 10200 in-
cludes a processor such as a CPU or a GPU, a micro-
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computer, a control board or the like in which a processor
and a storage element such as a memory are mixedly
incorporated. The external controlling apparatus 10200
transmits a control signal to the control unit 10117 of the
capsule type endoscope 10100 through an antenna
10200A to control operation of the capsule type endo-
scope 10100. In the capsule type endoscope 10100, an
irradiation condition of light upon an observation target
of the light source unit 10111 can be changed, for exam-
ple, in accordance with a control signal from the external
controlling apparatus 10200. Further, an image pickup
condition (for example, a frame rate, an exposure value
or the like of the image pickup unit 10112) can be changed
in accordance with a control signal from the external con-
trolling apparatus 10200. Further, the substance of
processing by the image processing unit 10113 or a con-
dition for transmitting an image signal from the wireless
communication unit 10114 (for example, a transmission
interval, a transmission image number or the like) may
be changed in accordance with a control signal from the
external controlling apparatus 10200.
[0073] Further, the external controlling apparatus
10200 performs various image processes for an image
signal transmitted thereto from the capsule type endo-
scope 10100 to generate image data for displaying a
picked up in-vivo image on the display apparatus. As the
image processes, various signal processes can be per-
formed such as, for example, a development process
(demosaic process), an image quality improving process
(bandwidth enhancement process, a super-resolution
process, a noise reduction (NR) process and/or image
stabilization process) and/or an enlargement process
(electronic zooming process). The external controlling
apparatus 10200 controls driving of the display apparatus
to cause the display apparatus to display a picked up in-
vivo image on the basis of generated image data. Alter-
natively, the external controlling apparatus 10200 may
also control a recording apparatus (not depicted) to
record generated image data or control a printing appa-
ratus (not depicted) to output generated image data by
printing.
[0074] An example of the in-vivo information acquisi-
tion system to which the technology according to the
present disclosure is applicable has been described
above. The technology according to the present disclo-
sure is applicable to, for example, an imaging pickup unit
10112 out of the configuration described above. This im-
proves the detection accuracy.

<Adaptation Examples to Endoscopic Surgery System>

[0075] The technology according to the present disclo-
sure (the present technology) may be adapted to a variety
of products. For example, the technology according to
the present disclosure may be applied to an endoscopic
surgery system.
[0076] FIG. 9 is a view depicting an example of a sche-
matic configuration of an endoscopic surgery system to

which the technology according to an embodiment of the
present disclosure (present technology) can be applied.
[0077] In FIG. 9, a state is illustrated in which a surgeon
(medical doctor) 11131 is using an endoscopic surgery
system 11000 to perform surgery for a patient 11132 on
a patient bed 11133. As depicted, the endoscopic surgery
system 11000 includes an endoscope 11100, other sur-
gical tools 11110 such as a pneumoperitoneum tube
11111 and an energy device 11112, a supporting arm
apparatus 11120 which supports the endoscope 11100
thereon, and a cart 11200 on which various apparatus
for endoscopic surgery are mounted.
[0078] The endoscope 11100 includes a lens barrel
11101 having a region of a predetermined length from a
distal end thereof to be inserted into a body cavity of the
patient 11132, and a camera head 11102 connected to
a proximal end of the lens barrel 11101. In the example
depicted, the endoscope 11100 is depicted which in-
cludes as a rigid endoscope having the lens barrel 11101
of the hard type. However, the endoscope 11100 may
otherwise be included as a flexible endoscope having
the lens barrel 11101 of the flexible type.
[0079] The lens barrel 11101 has, at a distal end there-
of, an opening in which an objective lens is fitted. A light
source apparatus 11203 is connected to the endoscope
11100 such that light generated by the light source ap-
paratus 11203 is introduced to a distal end of the lens
barrel 11101 by a light guide extending in the inside of
the lens barrel 11101 and is irradiated toward an obser-
vation target in a body cavity of the patient 11132 through
the objective lens. It is to be noted that the endoscope
11100 may be a forward-viewing endoscope or may be
an oblique-viewing endoscope or a side-viewing endo-
scope.
[0080] An optical system and an image pickup element
are provided in the inside of the camera head 11102 such
that reflected light (observation light) from the observa-
tion target is condensed on the image pickup element by
the optical system. The observation light is photo-elec-
trically converted by the image pickup element to gener-
ate an electric signal corresponding to the observation
light, namely, an image signal corresponding to an ob-
servation image. The image signal is transmitted as RAW
data to a CCU 11201.
[0081] The CCU 11201 includes a central processing
unit (CPU), a graphics processing unit (GPU) or the like
and integrally controls operation of the endoscope 11100
and a display apparatus 11202. Further, the CCU 11201
receives an image signal from the camera head 11102
and performs, for the image signal, various image proc-
esses for displaying an image based on the image signal
such as, for example, a development process (demosaic
process).
[0082] The display apparatus 11202 displays thereon
an image based on an image signal, for which the image
processes have been performed by the CCU 11201, un-
der the control of the CCU 11201.
[0083] The light source apparatus 11203 includes a
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light source such as, for example, a light emitting diode
(LED) and supplies irradiation light upon imaging of a
surgical region to the endoscope 11100.
[0084] An inputting apparatus 11204 is an input inter-
face for the endoscopic surgery system 11000. A user
can perform inputting of various kinds of information or
instruction inputting to the endoscopic surgery system
11000 through the inputting apparatus 11204. For exam-
ple, the user would input an instruction or a like to change
an image pickup condition (type of irradiation light, mag-
nification, focal distance or the like) by the endoscope
11100.
[0085] A treatment tool controlling apparatus 11205
controls driving of the energy device 11112 for cautery
or incision of a tissue, sealing of a blood vessel or the
like. A pneumoperitoneum apparatus 11206 feeds gas
into a body cavity of the patient 11132 through the pneu-
moperitoneum tube 11111 to inflate the body cavity in
order to secure the field of view of the endoscope 11100
and secure the working space for the surgeon. A recorder
11207 is an apparatus capable of recording various kinds
of information relating to surgery. A printer 11208 is an
apparatus capable of printing various kinds of information
relating to surgery in various forms such as a text, an
image or a graph.
[0086] It is to be noted that the light source apparatus
11203 which supplies irradiation light when a surgical
region is to be imaged to the endoscope 11100 may in-
clude a white light source which includes, for example,
an LED, a laser light source or a combination of them.
Where a white light source includes a combination of red,
green, and blue (RGB) laser light sources, since the out-
put intensity and the output timing can be controlled with
a high degree of accuracy for each color (each wave-
length), adjustment of the white balance of a picked up
image can be performed by the light source apparatus
11203. Further, in this case, if laser beams from the re-
spective RGB laser light sources are irradiated time-di-
visionally on an observation target and driving of the im-
age pickup elements of the camera head 11102 are con-
trolled in synchronism with the irradiation timings. Then
images individually corresponding to the R, G and B
colors can be also picked up time-divisionally. According
to this method, a color image can be obtained even if
color filters are not provided for the image pickup ele-
ment.
[0087] Further, the light source apparatus 11203 may
be controlled such that the intensity of light to be output-
ted is changed for each predetermined time. By control-
ling driving of the image pickup element of the camera
head 11102 in synchronism with the timing of the change
of the intensity of light to acquire images time-divisionally
and synthesizing the images, an image of a high dynamic
range free from underexposed blocked up shadows and
overexposed highlights can be created.
[0088] Further, the light source apparatus 11203 may
be configured to supply light of a predetermined wave-
length band ready for special light observation. In special

light observation, for example, by utilizing the wavelength
dependency of absorption of light in a body tissue to ir-
radiate light of a narrow band in comparison with irradi-
ation light upon ordinary observation (namely, white
light), narrow band observation (narrow band imaging)
of imaging a predetermined tissue such as a blood vessel
of a superficial portion of the mucous membrane or the
like in a high contrast is performed. Alternatively, in spe-
cial light observation, fluorescent observation for obtain-
ing an image from fluorescent light generated by irradi-
ation of excitation light may be performed. In fluorescent
observation, it is possible to perform observation of flu-
orescent light from a body tissue by irradiating excitation
light on the body tissue (autofluorescence observation)
or to obtain a fluorescent light image by locally injecting
a reagent such as indocyanine green (ICG) into a body
tissue and irradiating excitation light corresponding to a
fluorescent light wavelength of the reagent upon the body
tissue. The light source apparatus 11203 can be config-
ured to supply such narrow-band light and/or excitation
light suitable for special light observation as described
above.
[0089] FIG. 10 is a block diagram depicting an example
of a functional configuration of the camera head 11102
and the CCU 11201 depicted in FIG. 9.
[0090] The camera head 11102 includes a lens unit
11401, an image pickup unit 11402, a driving unit 11403,
a communication unit 11404 and a camera head control-
ling unit 11405. The CCU 11201 includes a communica-
tion unit 11411, an image processing unit 11412 and a
control unit 11413. The camera head 11102 and the CCU
11201 are connected for communication to each other
by a transmission cable 11400.
[0091] The lens unit 11401 is an optical system, pro-
vided at a connecting location to the lens barrel 11101.
Observation light taken in from a distal end of the lens
barrel 11101 is guided to the camera head 11102 and
introduced into the lens unit 11401. The lens unit 11401
includes a combination of a plurality of lenses including
a zoom lens and a focusing lens.
[0092] The number of image pickup elements which is
included by the image pickup unit 11402 may be one
(single-plate type) or a plural number (multi-plate type).
Where the image pickup unit 11402 is configured as that
of the multi-plate type, for example, image signals cor-
responding to respective R, G and B are generated by
the image pickup elements, and the image signals may
be synthesized to obtain a color image. The image pickup
unit 11402 may also be configured so as to have a pair
of image pickup elements for acquiring respective image
signals for the right eye and the left eye ready for three
dimensional (3D) display. If 3D display is performed, then
the depth of a living body tissue in a surgical region can
be comprehended more accurately by the surgeon
11131. It is to be noted that, where the image pickup unit
11402 is configured as that of stereoscopic type, a plu-
rality of systems of lens units 11401 are provided corre-
sponding to the individual image pickup elements.
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[0093] Further, the image pickup unit 11402 may not
necessarily be provided on the camera head 11102. For
example, the image pickup unit 11402 may be provided
immediately behind the objective lens in the inside of the
lens barrel 11101.
[0094] The driving unit 11403 includes an actuator and
moves the zoom lens and the focusing lens of the lens
unit 11401 by a predetermined distance along an optical
axis under the control of the camera head controlling unit
11405. Consequently, the magnification and the focal
point of a picked up image by the image pickup unit 11402
can be adjusted suitably.
[0095] The communication unit 11404 includes a com-
munication apparatus for transmitting and receiving var-
ious kinds of information to and from the CCU 11201.
The communication unit 11404 transmits an image signal
acquired from the image pickup unit 11402 as RAW data
to the CCU 11201 through the transmission cable 11400.
[0096] In addition, the communication unit 11404 re-
ceives a control signal for controlling driving of the cam-
era head 11102 from the CCU 11201 and supplies the
control signal to the camera head controlling unit 11405.
The control signal includes information relating to image
pickup conditions such as, for example, information that
a frame rate of a picked up image is designated, infor-
mation that an exposure value upon image picking up is
designated and/or information that a magnification and
a focal point of a picked up image are designated.
[0097] It is to be noted that the image pickup conditions
such as the frame rate, exposure value, magnification or
focal point may be designated by the user or may be set
automatically by the control unit 11413 of the CCU 11201
on the basis of an acquired image signal. In the latter
case, an auto exposure (AE) function, an auto focus (AF)
function and an auto white balance (AWB) function are
incorporated in the endoscope 11100.
[0098] The camera head controlling unit 11405 con-
trols driving of the camera head 11102 on the basis of a
control signal from the CCU 11201 received through the
communication unit 11404.
[0099] The communication unit 11411 includes a com-
munication apparatus for transmitting and receiving var-
ious kinds of information to and from the camera head
11102. The communication unit 11411 receives an image
signal transmitted thereto from the camera head 11102
through the transmission cable 11400.
[0100] Further, the communication unit 11411 trans-
mits a control signal for controlling driving of the camera
head 11102 to the camera head 11102. The image signal
and the control signal can be transmitted by electrical
communication, optical communication or the like.
[0101] The image processing unit 11412 performs var-
ious image processes for an image signal in the form of
RAW data transmitted thereto from the camera head
11102.
[0102] The control unit 11413 performs various kinds
of control relating to image picking up of a surgical region
or the like by the endoscope 11100 and display of a

picked up image obtained by image picking up of the
surgical region or the like. For example, the control unit
11413 creates a control signal for controlling driving of
the camera head 11102.
[0103] Further, the control unit 11413 controls, on the
basis of an image signal for which image processes have
been performed by the image processing unit 11412, the
display apparatus 11202 to display a picked up image in
which the surgical region or the like is imaged. Thereup-
on, the control unit 11413 may recognize various objects
in the picked up image using various image recognition
technologies. For example, the control unit 11413 can
recognize a surgical tool such as forceps, a particular
living body region, bleeding, mist when the energy device
11112 is used and so forth by detecting the shape, color
and so forth of edges of objects included in a picked up
image. The control unit 11413 may cause, when it con-
trols the display apparatus 11202 to display a picked up
image, various kinds of surgery supporting information
to be displayed in an overlapping manner with an image
of the surgical region using a result of the recognition.
Where surgery supporting information is displayed in an
overlapping manner and presented to the surgeon
11131, the burden on the surgeon 11131 can be reduced
and the surgeon 11131 can proceed with the surgery with
certainty.
[0104] The transmission cable 11400 which connects
the camera head 11102 and the CCU 11201 to each
other is an electric signal cable ready for communication
of an electric signal, an optical fiber ready for optical com-
munication or a composite cable ready for both of elec-
trical and optical communications.
[0105] Here, while, in the example depicted, commu-
nication is performed by wired communication using the
transmission cable 11400, the communication between
the camera head 11102 and the CCU 11201 may be
performed by wireless communication.
[0106] An example of the endoscopic surgery system
to which the technology according to the present disclo-
sure is applicable has been described above. The tech-
nology according to the present disclosure is applicable
to, for example, the image pickup unit 11402 out of the
configuration described above. This improves the detec-
tion accuracy.
[0107] Although the endoscopic surgery system has
been described herein as an example, the technology
according to the present disclosure may be applied to
other systems such as a micrographic surgery system.

<Adaptation Examples to Mobile Bodies>

[0108] The technology according to the present disclo-
sure may be adapted to a variety of products. For exam-
ple, the technology according to the present disclosure
may be implemented as an apparatus that is mounted
on any type of mobile body such as an automobile, an
electric vehicle, a hybrid electric vehicle, a motorcycle, a
bicycle, a personal mobility, an airplane, a drone, a ship,
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a robot, a construction machine, and an agricultural ma-
chine (a tractor).
[0109] FIG. 11 is a block diagram depicting an example
of schematic configuration of a vehicle control system as
an example of a mobile body control system to which the
technology according to an embodiment of the present
disclosure can be applied.
[0110] The vehicle control system 12000 includes a
plurality of electronic control units connected to each oth-
er via a communication network 12001. In the example
depicted in FIG. 11, the vehicle control system 12000
includes a driving system control unit 12010, a body sys-
tem control unit 12020, an outside-vehicle information
detecting unit 12030, an in-vehicle information detecting
unit 12040, and an integrated control unit 12050. In ad-
dition, a microcomputer 12051, a sound/image output
section 12052, and a vehicle-mounted network interface
(I/F) 12053 are illustrated as a functional configuration
of the integrated control unit 12050.
[0111] The driving system control unit 12010 controls
the operation of devices related to the driving system of
the vehicle in accordance with various kinds of programs.
For example, the driving system control unit 12010 func-
tions as a control device for a driving force generating
device for generating the driving force of the vehicle, such
as an internal combustion engine, a driving motor, or the
like, a driving force transmitting mechanism for transmit-
ting the driving force to wheels, a steering mechanism
for adjusting the steering angle of the vehicle, a braking
device for generating the braking force of the vehicle,
and the like.
[0112] The body system control unit 12020 controls
the operation of various kinds of devices provided to a
vehicle body in accordance with various kinds of pro-
grams. For example, the body system control unit 12020
functions as a control device for a keyless entry system,
a smart key system, a power window device, or various
kinds of lamps such as a headlamp, a backup lamp, a
brake lamp, a turn signal, a fog lamp, or the like. In this
case, radio waves transmitted from a mobile device as
an alternative to a key or signals of various kinds of
switches can be input to the body system control unit
12020. The body system control unit 12020 receives
these input radio waves or signals, and controls a door
lock device, the power window device, the lamps, or the
like of the vehicle.
[0113] The outside-vehicle information detecting unit
12030 detects information about the outside of the vehi-
cle including the vehicle control system 12000. For ex-
ample, the outside-vehicle information detecting unit
12030 is connected with an imaging section 12031. The
outside-vehicle information detecting unit 12030 makes
the imaging section 12031 image an image of the outside
of the vehicle, and receives the imaged image. On the
basis of the received image, the outside-vehicle informa-
tion detecting unit 12030 may perform processing of de-
tecting an object such as a human, a vehicle, an obstacle,
a sign, a character on a road surface, or the like, or

processing of detecting a distance thereto.
[0114] The imaging section 12031 is an optical sensor
that receives light, and which outputs an electric signal
corresponding to a received light amount of the light. The
imaging section 12031 can output the electric signal as
an image, or can output the electric signal as information
about a measured distance. In addition, the light received
by the imaging section 12031 may be visible light, or may
be invisible light such as infrared rays or the like.
[0115] The in-vehicle information detecting unit 12040
detects information about the inside of the vehicle. The
in-vehicle information detecting unit 12040 is, for exam-
ple, connected with a driver state detecting section 12041
that detects the state of a driver. The driver state detect-
ing section 12041, for example, includes a camera that
images the driver. On the basis of detection information
input from the driver state detecting section 12041, the
in-vehicle information detecting unit 12040 may calculate
a degree of fatigue of the driver or a degree of concen-
tration of the driver, or may determine whether the driver
is dozing.
[0116] The microcomputer 12051 can calculate a con-
trol target value for the driving force generating device,
the steering mechanism, or the braking device on the
basis of the information about the inside or outside of the
vehicle which information is obtained by the outside-ve-
hicle information detecting unit 12030 or the in-vehicle
information detecting unit 12040, and output a control
command to the driving system control unit 12010. For
example, the microcomputer 12051 can perform coop-
erative control intended to implement functions of an ad-
vanced driver assistance system (ADAS) which functions
include collision avoidance or shock mitigation for the
vehicle, following driving based on a following distance,
vehicle speed maintaining driving, a warning of collision
of the vehicle, a warning of deviation of the vehicle from
a lane, or the like.
[0117] In addition, the microcomputer 12051 can per-
form cooperative control intended for automatic driving,
which makes the vehicle to travel autonomously without
depending on the operation of the driver, or the like, by
controlling the driving force generating device, the steer-
ing mechanism, the braking device, or the like on the
basis of the information about the outside or inside of the
vehicle which information is obtained by the outside-ve-
hicle information detecting unit 12030 or the in-vehicle
information detecting unit 12040.
[0118] In addition, the microcomputer 12051 can out-
put a control command to the body system control unit
12020 on the basis of the information about the outside
of the vehicle which information is obtained by the out-
side-vehicle information detecting unit 12030. For exam-
ple, the microcomputer 12051 can perform cooperative
control intended to prevent a glare by controlling the
headlamp so as to change from a high beam to a low
beam, for example, in accordance with the position of a
preceding vehicle or an oncoming vehicle detected by
the outside-vehicle information detecting unit 12030.
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[0119] The sound/image output section 12052 trans-
mits an output signal of at least one of a sound and an
image to an output device capable of visually or auditorily
notifying information to an occupant of the vehicle or the
outside of the vehicle. In the example of FIG. 11, an audio
speaker 12061, a display section 12062, and an instru-
ment panel 12063 are illustrated as the output device.
The display section 12062 may, for example, include at
least one of an on-board display and a head-up display.
[0120] FIG. 12 is a diagram depicting an example of
the installation position of the imaging section 12031.
[0121] In FIG. 12, the imaging section 12031 includes
imaging sections 12101, 12102, 12103, 12104, and
12105.
[0122] The imaging sections 12101, 12102, 12103,
12104, and 12105 are, for example, disposed at positions
on a front nose, sideview mirrors, a rear bumper, and a
back door of the vehicle 12100 as well as a position on
an upper portion of a windshield within the interior of the
vehicle. The imaging section 12101 provided to the front
nose and the imaging section 12105 provided to the up-
per portion of the windshield within the interior of the ve-
hicle obtain mainly an image of the front of the vehicle
12100. The imaging sections 12102 and 12103 provided
to the sideview mirrors obtain mainly an image of the
sides of the vehicle 12100. The imaging section 12104
provided to the rear bumper or the back door obtains
mainly an image of the rear of the vehicle 12100. The
imaging section 12105 provided to the upper portion of
the windshield within the interior of the vehicle is used
mainly to detect a preceding vehicle, a pedestrian, an
obstacle, a signal, a traffic sign, a lane, or the like.
[0123] Incidentally, FIG. 12 depicts an example of pho-
tographing ranges of the imaging sections 12101 to
12104. An imaging range 12111 represents the imaging
range of the imaging section 12101 provided to the front
nose. Imaging ranges 12112 and 12113 respectively rep-
resent the imaging ranges of the imaging sections 12102
and 12103 provided to the sideview mirrors. An imaging
range 12114 represents the imaging range of the imaging
section 12104 provided to the rear bumper or the back
door. A bird’s-eye image of the vehicle 12100 as viewed
from above is obtained by superimposing image data im-
aged by the imaging sections 12101 to 12104, for exam-
ple.
[0124] At least one of the imaging sections 12101 to
12104 may have a function of obtaining distance infor-
mation. For example, at least one of the imaging sections
12101 to 12104 may be a stereo camera constituted of
a plurality of imaging elements, or may be an imaging
element having pixels for phase difference detection.
[0125] For example, the microcomputer 12051 can de-
termine a distance to each three-dimensional object with-
in the imaging ranges 12111 to 12114 and a temporal
change in the distance (relative speed with respect to the
vehicle 12100) on the basis of the distance information
obtained from the imaging sections 12101 to 12104, and
thereby extract, as a preceding vehicle, a nearest three-

dimensional object in particular that is present on a
traveling path of the vehicle 12100 and which travels in
substantially the same direction as the vehicle 12100 at
a predetermined speed (for example, equal to or more
than 0 km/hour). Further, the microcomputer 12051 can
set a following distance to be maintained in front of a
preceding vehicle in advance, and perform automatic
brake control (including following stop control), automatic
acceleration control (including following start control), or
the like. It is thus possible to perform cooperative control
intended for automatic driving that makes the vehicle
travel autonomously without depending on the operation
of the driver or the like.
[0126] For example, the microcomputer 12051 can
classify three-dimensional object data on three-dimen-
sional objects into three-dimensional object data of a two-
wheeled vehicle, a standard-sized vehicle, a large-sized
vehicle, a pedestrian, a utility pole, and other three-di-
mensional objects on the basis of the distance informa-
tion obtained from the imaging sections 12101 to 12104,
extract the classified three-dimensional object data, and
use the extracted three-dimensional object data for au-
tomatic avoidance of an obstacle. For example, the mi-
crocomputer 12051 identifies obstacles around the ve-
hicle 12100 as obstacles that the driver of the vehicle
12100 can recognize visually and obstacles that are dif-
ficult for the driver of the vehicle 12100 to recognize vis-
ually. Then, the microcomputer 12051 determines a col-
lision risk indicating a risk of collision with each obstacle.
In a situation in which the collision risk is equal to or higher
than a set value and there is thus a possibility of collision,
the microcomputer 12051 outputs a warning to the driver
via the audio speaker 12061 or the display section 12062,
and performs forced deceleration or avoidance steering
via the driving system control unit 12010. The microcom-
puter 12051 can thereby assist in driving to avoid colli-
sion.
[0127] At least one of the imaging sections 12101 to
12104 may be an infrared camera that detects infrared
rays. The microcomputer 12051 can, for example, rec-
ognize a pedestrian by determining whether or not there
is a pedestrian in imaged images of the imaging sections
12101 to 12104. Such recognition of a pedestrian is, for
example, performed by a procedure of extracting char-
acteristic points in the imaged images of the imaging sec-
tions 12101 to 12104 as infrared cameras and a proce-
dure of determining whether or not it is the pedestrian by
performing pattern matching processing on a series of
characteristic points representing the contour of the ob-
ject. When the microcomputer 12051 determines that
there is a pedestrian in the imaged images of the imaging
sections 12101 to 12104, and thus recognizes the pe-
destrian, the sound/image output section 12052 controls
the display section 12062 so that a square contour line
for emphasis is displayed so as to be superimposed on
the recognized pedestrian. The sound/image output sec-
tion 12052 may also control the display section 12062
so that an icon or the like representing the pedestrian is
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displayed at a desired position.
[0128] An example of the vehicle control system to
which the technology according to the present disclosure
is applicable has been described above. The technology
according to the present disclosure is applicable to the
imaging section 12031 out of the configuration described
above. By applying the technology according to the
present disclosure to the imaging section 12031, a pho-
tographed image that is more visible is available, which
makes it possible to reduce fatigue of a driver.
[0129] It is to be noted that although the present dis-
closure has been described with reference to the embod-
iments and the like, the contents of the present disclosure
are not limited to the above-described embodiments and
the like, and various modifications are implementable.
For example, the configurations of layers in the imaging
units 1 and 1A, which have been described in the above
embodiments, are examples, and may further include
other layers. The materials and thicknesses of the re-
spective layers are also examples and are not limited to
those described above. For example, the above-de-
scribed embodiments and the like have described a case
where the semiconductor layer 10S includes the first con-
tact layer 12, the photoelectric conversion layer 13, and
the second contact layer 14, but the semiconductor layer
10S only needs to include the photoelectric conversion
layer 13. For example, the first contact layer 12 and the
second contact layer 14 may not be provided, or other
layers may be included.
[0130] Further, in the above-described embodiments
and the like, a case where the signal charge is a hole
has been described for convenience, but the signal
charge may be an electron. For example, the diffusion
region may include an n-type impurity.
[0131] Further, a plurality of light shielding portions 15
and 15A may be respectively provided in the imaging
units 1 and 1A.
[0132] Further, the effects described in the above em-
bodiments and the like are examples, may be other dif-
ferent effects, or may further include other effects.
[0133] The present disclosure may have the following
configurations.

(1) An imaging unit including:

a photoelectric conversion layer including a
compound semiconductor, the photoelectric
conversion layer having a light incident surface;
and
a light shielding portion provided in an optical
path of light incident on the light incident surface,
the light shielding portion shielding light having
a wavelength of less than 450 nm.

(2) The imaging unit according to (1) described
above, in which
the light shielding portion includes an inorganic ma-
terial.

(3) The imaging unit according to (1) described
above, in which
the light shielding portion includes an organic mate-
rial.
(4) The imaging unit according to (1) described
above, in which
the light shielding portion includes metal.
(5) The imaging unit according to any one of (1) to
(3) described above, in which
the light shielding portion has a lens shape.
(6) An imaging unit including:

a photoelectric conversion layer including a
compound semiconductor, the photoelectric
conversion layer having a light incident surface;
and
a light shielding portion provided in an optical
path of light incident on the light incident surface,
the light shielding portion including a compound
lattice-matched with the photoelectric conver-
sion layer.

(7) The imaging unit according to (6) described
above, in which
the light shielding portion includes
InxGayAszP(1-x-y-z), InxGayAlzAs(1-x-y-z),
InxGayAszSb(1-x-y-z), InP, InxAlyAszSb(1-x-y-z),
InxAlyGazN(1-x-y-z), or ZnxCdySez (0 ≤ x ≤ 1, 0 ≤ y ≤
1 , 0 ≤ z ≤ 1).
(8) The imaging unit according to any one of (1) to
(7) described above, in which
the light shielding portion transmits light having a
wavelength in an infrared region and light having a
wavelength in a visible region.
(9) The imaging unit according to any one of (1) to
(8) described above, further including:

a first contact layer opposed to the light shielding
portion with the photoelectric conversion layer
in between; and
a second contact layer opposed to the first con-
tact layer with the photoelectric conversion layer
in between.

(10) The imaging unit according to (9) described
above, in which
the light shielding portion is provided in contact with
the second contact layer.
(11) The imaging unit according to (9) described
above, in which
the light shielding portion is provided apart from the
second contact layer.
(12) The imaging unit according to any one of (9) to
(11) described above, in which
the second contact layer has a thickness of 100 nm
or less.
(13) The imaging unit according to any one of (9) to
(12) described above, further including:

25 26 



EP 3 745 458 A1

15

5

10

15

20

25

30

35

40

45

50

55

a device substrate including the first contact lay-
er, the photoelectric conversion layer, and the
second contact layer; and
a circuit board including a pixel circuit electrically
coupled to the photoelectric conversion layer.

(14) The imaging unit according to (13) described
above, in which
the device substrate and the circuit board are elec-
trically coupled by Cu-Cu bonding.
(15) The imaging unit according to any one of (1) to
(14) described above, in which
the compound semiconductor absorbs light having
a wavelength in an infrared region.
(16) The imaging unit according to any one of (1) to
(15) described above, in which
the compound semiconductor is one of InGaAs, In-
AsSb, InAs, InSb, PbS, PbSe, GeAu, and HgCdTe.

[0134] The present application claims the priority on
the basis of Japanese Patent Application No. 2018-8583
filed on January 23, 2018 with Japan Patent Office, the
entire contents of which are incorporated in the present
application by reference.
[0135] Those skilled in the art could assume various
modifications, combinations, sub-combinations, and
changes in accordance with design requirements and
other contributing factors. However, it is understood that
they are included within a scope of the attached claims
or the equivalents thereof.

Claims

1. An imaging unit, comprising:

a photoelectric conversion layer including a
compound semiconductor, the photoelectric
conversion layer having a light incident surface;
and
a light shielding portion provided in an optical
path of light incident on the light incident surface,
the light shielding portion shielding light having
a wavelength of less than 450 nm.

2. The imaging unit according to claim 1, wherein
the light shielding portion includes an inorganic ma-
terial.

3. The imaging unit according to claim 1, wherein
the light shielding portion includes an organic mate-
rial.

4. The imaging unit according to claim 1, wherein
the light shielding portion includes metal.

5. The imaging unit according to claim 1, wherein
the light shielding portion has a lens shape.

6. An imaging unit comprising:

a photoelectric conversion layer including a
compound semiconductor, the photoelectric
conversion layer having a light incident surface;
and
a light shielding portion provided in an optical
path of light incident on the light incident surface,
the light shielding portion including a compound
lattice-matched with the photoelectric conver-
sion layer.

7.  The imaging unit according to claim 6, wherein
the light shielding portion includes
InxGayAszP(1-x-y-z), InxGayAlzAs(1-x-y-z),
InxGayAszSb(1-x-y-z), InP, InxAlyAszSb(1-x-y-z),
InxAlyGazN(1-x-y-z), or ZnxCdySez (0 ≤ x ≤ 1, 0 ≤ y
≤1,0≤z≤1).

8. The imaging unit according to claim 1, wherein
the light shielding portion transmits light having a
wavelength in an infrared region and light having a
wavelength in a visible region.

9. The imaging unit according to claim 1, further com-
prising:

a first contact layer opposed to the light shielding
portion with the photoelectric conversion layer
in between; and
a second contact layer opposed to the first con-
tact layer with the photoelectric conversion layer
in between.

10. The imaging unit according to claim 9, wherein
the light shielding portion is provided in contact with
the second contact layer.

11. The imaging unit according to claim 9, wherein
the light shielding portion is provided apart from the
second contact layer.

12. The imaging unit according to claim 9, wherein
the second contact layer has a thickness of 100 nm
or less.

13. The imaging unit according to claim 9, further com-
prising:

a device substrate including the first contact lay-
er, the photoelectric conversion layer, and the
second contact layer; and
a circuit board including a pixel circuit electrically
coupled to the photoelectric conversion layer.

14. The imaging unit according to claim 13, wherein
the device substrate and the circuit board are elec-
trically coupled by Cu-Cu bonding.
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15. The imaging unit according to claim 1, wherein
the compound semiconductor absorbs light having
a wavelength in an infrared region.

16. The imaging unit according to claim 1, wherein
the compound semiconductor is one of InGaAs, In-
AsSb, InAs, InSb, PbS, PbSe, GeAu, and HgCdTe.
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